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CRACK-RESISTANT POLYSILOXANE
DIELECTRIC PLANARIZING
COMPOSITIONS, METHODS AND FILMS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to U.S. Provisional Appli-
cation No. 62/607,461, filed Dec. 19, 2017, which 1s herein
incorporated by reference in 1ts entirety.

FIELD

The present invention relates to planarizing materials, and
in particular, to plananizing dielectric materials for semicon-
ductor and display manufacturing.

BACKGROUND

In advanced semiconductor manufacturing, for example
microprocessors, memory devices, and displays employing
light emitting diodes, there 1s a need for dielectric materials
which can be spin-coated onto a surface of a device to fill
deep spaces or gaps between device structures to provide a
relatively planar surface suitable for subsequent device layer
processing.

Improvements in planarizing dielectric materials are
desired to provide planarization for advanced semiconductor
devices having trenches six microns deep or deeper. It 1s
advantageous that such dielectric materials be crack resistant
at such thicknesses, even when exposed to temperatures 1n
excess of 400° C. It 1s also important for optoelectronic
applications that such dielectric matenals have a high optical
transmittance. The dielectric materials should also be ther-

mally stable when exposed to temperatures exceeding 400°
C.

SUMMARY

A composition for planarizing a semiconductor device
surface includes a catalyst, at least one solvent, and at least
one polysiloxane resin including polysilsesquioxane blocks
and polydisiloxane blocks. The polydisiloxane blocks are
according to the general formula:

wherein R,;, R, are each independently selected from the
group consisting of: an aryl group or an alkyl group, with
substituted or unsubstituted carbons.

Various embodiments concern a composition for planar-
1zing a semiconductor device. The composition includes a
catalyst, at least one solvent, and at least one polysiloxane
resin including polysilsesquioxane blocks and polydisi-
loxane blocks. The polydisiloxane blocks are according to
the general formula:
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wherein R, R, are each independently selected from the
group consisting of: an aryl group or an alkyl group, with
substituted or unsubstituted carbons. In some embodiments,
the polydisiloxane blocks include at least one of: poly
(diphenylsiloxane) blocks, poly(phenylmethylsiloxane)
blocks, and poly(dimethylsiloxane) blocks. In some particu-
lar embodiments, the polydisiloxane blocks consist of poly
(diphenylsiloxane) blocks and poly(phenylmethylsiloxane)
blocks. In some other embodiments, the polydisiloxane
blocks consist of poly(dimethylsiloxane) blocks. In some
embodiments, the polysilsesquioxane blocks include at least
one of: poly(methylsilsesquioxane) blocks and poly(phenyl-
silsesquioxane) blocks. In some embodiments, a concentra-
tion of the polydisiloxane blocks 1s from 0.1 mole percent to
50 mole percent of the polysiloxane resin. In some embodi-
ments, a weight average molecular weight of the polydisi-
loxane blocks 1n the composition 1s from 100 Da to 5,000
Da. In some embodiments, the at least one solvent includes
at least one of: ethyl lactate, propylene glycol propyl ether,
propylene glycol monomethyl ether acetate, ethanol, 1sopro-
pyl alcohol, and n-butyl acetate. In some embodiments, the
catalyst includes at least one of: tetramethylammonium
acetate, tetramethylammonium hydroxide, tetrabutylammo-
nium acetate, cetyltrimethylammonium acetate, and tetram-
cthylammonium nitrate. In some embodiments, the compo-
sition further includes a surfactant. In some embodiments,
the composition further includes a cross-linker. In some
embodiments, the at least one polysiloxane resin includes a
first polysiloxane resin and a second polysiloxane resin. In
some embodiments, the at least one polysiloxane resin 1s a
first polysiloxane resin, and further including a second
polysiloxane resin, the second polysiloxane resin consisting
of a poly(silsesquioxane) resin.

Various embodiments concern a method for making a
planarizing composition. The method includes dissolving at
least one polysiloxane resin 1n one or more solvents to form
a resin solution and adding a catalyst to the resin solution.
The at least one polysiloxane resin includes polysilsesqui-
oxane blocks and polydisiloxane blocks. The polydisiloxane
blocks are according to the general formula:

wherein R,, R, are each independently selected from the
group consisting of: an aryl group or an alkyl group, with
substituted or unsubstituted carbons. In some embodiments,
the polydisiloxane blocks include at least one of: poly
(diphenylsiloxane) blocks, poly(phenylmethylsiloxane)
blocks, and poly(dimethylsiloxane) blocks. In some embodi-
ments, a concentration of the polydisiloxane blocks 1s from
0.1 mole percent to 350 mole percent of the polysiloxane
resin.

Various embodiments concern a planarizing film for a
semiconductor device. The planarizing film includes a cata-
lyst residue and a cured polysiloxane. The cured polysi-
loxane includes polysilsesquioxane blocks and polydisi-
loxane blocks. The polydisiloxane blocks are according to
the general formula:
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wherein R,, R, are each independently selected from the
group consisting of: an aryl group or an alkyl group, with
substituted or unsubstituted carbons. In some embodiments,
the polydisiloxane blocks include at least one of: poly
(diphenylsiloxane) blocks, poly(phenylmethylsiloxane)
blocks, and poly(dimethylsiloxane) blocks. In some embodi-
ments, a weight average molecular weight of the polydisi-
loxane blocks 1s from 100 Da to 5,000 Da. In some embodi-
ments, a concentration of the polydisiloxane blocks 1s from
0.1 mole percent to 50 mole percent of the polysiloxane
resin.

The above mentioned and other features of the invention,
and the manner of attaining them, will become more appar-
ent and the mvention itself will be better understood by
reference to the following description of embodiments of the
invention taken in conjunction with the accompanying draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic cross-section of a portion of a
semiconductor device illustrating surface topography to be
planarized.

FIG. 2 1s a schematic cross-section of the portion of the
semiconductor device of FIG. 1 illustrating planarization of
the surface topography by a planarization film according to
embodiments of this disclosure.

FIG. 3 1s related to Example 15 below and shows the
thermal gravimetric analysis results for a planarizing film
according to embodiments of this disclosure.

DETAILED DESCRIPTION

Embodiments of the disclosure can employ a composition
including a polysiloxane resin including polysilsesquioxane
blocks and polydisiloxane blocks as described below for
coating onto a surface of a semiconductor device, such as a
microprocessor, a memory device, and a display employing
light emitting diodes or other types of displays, to planarize
the semiconductor device surface. The coating can be
applied, for example, by spin-coating or slot coating. Pla-
narizing films formed by curing compositions according to
embodiments of this disclosure have been found to exhibit
excellent crack-resistance at thicknesses greater than 7
microns, even when subjected to temperatures 1n excess of
400° C. Planarizing films formed by curing compositions
according to some embodiments of this disclosure have been
found to exhibit excellent crack-resistance at thicknesses
greater than 10 microns, even when subjected to a tempera-
ture of 380° C. The planarizing films formed by curing
compositions according to embodiments of this disclosure
have also been found to exhibit high hardness and high
optical transmittance. The planarizing films formed by cur-
ing compositions according to embodiments of this disclo-
sure¢ have also been found to be thermally stable when
exposed to a temperature of 360° C. for 24 hours.

FIG. 1 1s a schematic cross-section of a portion of a
semiconductor device illustrating surface topography to be
planarized. FI1G. 1 shows a semiconductor device 10 includ-
ing a substrate 12 and at least one surface feature 14. The
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substrate 12 can include, for example, silicon, silicon diox-
1de, silicon nitride, aluminum, copper, or any other maternials
in various layers of various thicknesses and arrangements
for the semiconductor device 10 as desired. In some embodi-
ments, the surface feature 14 can be a trench formed into the
substrate 12.

The surface feature 14 can be described as having a width
W and a depth D. In some embodiments, the depth D of the
surface feature 14 can be as small as 0.01 microns, 0.1
microns, 0.5 microns, or 1 micron, as large as 3 microns, 5
microns, 10 microns, 100 microns. In some embodiments,
the depth D of the surface feature 14 can range from 0.01
microns to 100 microns, 0.1 microns to 10 microns, 0.5
microns to 5 microns, or 1 micron to 3 microns. In some
embodiments, width W of the surface feature 14 can be as
small as 0.01 microns, 0.1 microns, 1 micron, 10 microns, or
as great as 50 microns, 100 microns, 500 microns, 1000
microns. In some embodiments, the width W of the surface
feature 14 can range from 0.01 microns to 1000 microns, 0.1
microns to 500 microns, 1 micron to 100 microns, or 10
microns to 50 microns.

FIG. 2 1s a schematic cross-section of the portion of the
semiconductor device 10 of FIG. 1 1llustrating planarization
of the surface feature 14 by a planarizing film 16 according
to embodiments of this disclosure. FIG. 2 shows the semi-
conductor device 10 after formation of the planarizing film
16 from a composition including a polysiloxane resin
according to embodiments of this disclosure. The planariz-
ing film 16 can fill the surface feature 14 to provide a
substantially planar surface 18 upon which subsequent
devices layers (not shown) may be formed. In some embodi-
ments, the planarnizing film 16 can have a thickness T over
a portion of the semiconductor device 10 that 1s greater than
6 microns. In some embodiments, the plananizing film 16
can have a thickness T over a portion of the semiconductor
device 10 that 1s greater than 10 microns.

FIGS. 1 and 2 1illustrate one example i which the
planarizing film 16 according to embodiments of the dis-
closure may be formed. It 1s understood that the planarizing
film 16 according to embodiments of the disclosure may be
formed on many other topographies involving difierent
arrangements of conductive, non-conductive, and semi-con-
ductive materials. For ease of illustration, only one surface
feature 14 1s shown i FIGS. 1 and 2. However it 1s
understood that embodiments can include a plurality of
surtace features 14.

The planarizing film 16 can be formed by coating at least
a portion of the semiconductor device 10 by, for example,
spin coating or slot coating a composition including at least
one solvent, a catalyst, and a polysiloxane resin as described
below. In some embodiments, the composition can further
include a surfactant. In some embodiments, the composition
can further include a cross-linker. In some embodiments, the
composition consists essentially of a composition including
at least one solvent, a catalyst, a surfactant, and at least one
polysiloxane resin as described below. In some embodi-
ments, the composition consists essentially of a composition
including at least one solvent, a catalyst, a surfactant, a
cross-linker, and at least one polysiloxane resin as described
below.

In some embodiments, the polysiloxane resin can include
polysilsesquioxane blocks and polydisiloxane blocks. The
polysilsesquioxane blocks can include any type of polysils-
esquioxane with the formula [RS10;,,],, wherein R 1s a
hydrogen, an alkyl group, an aryl group, or an alkoxyl group.
For example, 1n some embodiments, the polysilsesquioxane
blocks can include poly(methylsilsesquioxane) blocks, poly
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(phenylsilsesquioxane) blocks, poly(methylphenylsilsesqui-
oxane), or any combinations thereof.

The polydisiloxane blocks are according to the formula:
Formula I:

Ry

wherein R,, R, are each independently selected from the
group consisting of: an aryl group or an alkyl group, with
substituted or unsubstituted carbons.

For example, 1n some embodiments, the polydisiloxane
blocks can include poly(diphenylsiloxane) blocks 1n which
R, and R, are each phenyl groups. In some embodiments,
the polydisiloxane blocks can include poly(dimethylsi-
loxane) blocks in which R; and R, are each methyl groups.
In some embodiments, the polydisiloxane blocks can
include poly(phenylmethylsiloxane) blocks in which R, 1s a
phenyl group and R, 1s a methyl group.

In some embodiments, the polysiloxane resin can include
a single type of polydisiloxane block. For example, in some

embodiments, the polydisiloxane blocks consist of poly
(dimethylsiloxane) blocks, such as in SST-3PM2 dimethyl-

siloxane copolymer resin available from Gelest Inc., Mor-
risville, Pa. In other embodiments, the polysiloxane resin
can mnclude more than one type of polydisiloxane block. For
example, 1n some embodiments, the polydisiloxane blocks
can include any combination of poly(diphenylsiloxane)
blocks, poly(dimethylsiloxane) blocks, or poly(phenylmeth-
ylsiloxane) blocks. In some embodiments, the polydisi-
loxane blocks can consist of poly(diphenylsiloxane) blocks
and poly(phenylmethylsiloxane) blocks, such as in SST-
3PM4 tetrapolymer resin available from Gelest Inc., Mor-
risville, Pa. In some other embodiments, the polydisiloxane
blocks can consist of poly(diphenylsiloxane) blocks, poly
(dimethylsiloxane) blocks, and poly(phenylmethylsiloxane)
blocks.

The polydisiloxane blocks 1n the polysiloxane resin can
have a weight average molecular weight (Mw). In some
embodiments, weight average molecular weight (Mw) of the

polydisiloxane blocks in the composition 1s as low as 100
Da, 200 Da, 500 Da, 800 Da, 1,000 Da, or 1,200 Da or as

high as 1,600 Da, 2,100 Da, 2,600 Da, 3,400 Da, 4,300 Da,
or 5,000 Da, or within any range defined by any two of the
preceding values. For example, in some embodiments, the

Mw of the polydisiloxane blocks 1n the composition ranges
from 100 Da to 5,000 Da, 200 Da to 4,300 Da, 1,000 Da to

2,100 Da, 1,200 DA to 4,300 Da, or 1,200 Da to 1,600 Da.
In some embodiments, the Mw of the polydisiloxane blocks
in the composition 1s about 1,300 Da. The Mw can be
measured by gel permeation chromatography, as 1s known in
the art.

In some embodiments, a concentration of the polydisi-
loxane blocks 1n the polysiloxane resin can be as low as 0.1
mole percent (mol %), 1 mol %, 10 mol %, or 20 mol % or
as high as 25 mol %, 30 mol %, 35 mol %, 40 mol %, or 50
mol % of the polysiloxane resin, or within any range defined
by any two of the preceding values, for example, 1n some
embodiments, the concentration of the polydisiloxane
blocks 1n the composition can range from 0.1 mol % to 50
mol %, 1 mol % to 45 mol %, 10 mol % to 40 mol %, or 20

mol % to 30 mol % of the polysiloxane resin.
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Without wishing to be bound by any theories, it 1s
believed that the flexibility provided by the long polydisi-
loxane blocks 1n the polysiloxane resin described herein
provide stress reliel between the relatively rigid polysilses-
quioxane blocks. The use of polydisiloxane blocks provides
additional flexibility by limiting the opportunities for cross-
linking of the polymer resin, as compared to, for example a
polytrisiloxane or polytetrasiloxane blocks. It 1s further
believed that films without such stress relief are more likely
to crack due to the build-up of high stresses 1n the film. Thus,
planarizing films formed from compositions according to
embodiments of this disclosure are able to resist cracking,
even at thickness exceeding 7 microns and after exposure to
temperatures exceeding 400° C.

In some embodiments, the at least one polysiloxane resin
can consist of any one of the polysilicon resins described
above. In other embodiments, the at least one polysiloxane
resin can include a first polysiloxane resin and a second
polysiloxane resin that 1s different from the first polysi-
loxane resin. In some embodiments, the first polysiloxane
resin and the second polysiloxane resin are each one of the
polysiloxane resins described above. In other embodiments,
the first polysiloxane resin can be one of the polysiloxane
resins described above, and the second polysiloxane resin
can be a poly(silsesquioxane) resin that 1s not one of the
polysiloxane resins described above, for example, poly
(phenyl-methyl silsesquioxane) resin.

The at least one solvent can include a single solvent, such
as a glycol ether, a glycol ether acetate, n-butyl acetate, a
ketone, or an alcohol. Glycol ethers can include, for
example, propylene glycol propyl ether or propylene glycol
methyl ether. Glycol ether acetates can include, for example,
propylene glycol methyl ether acetate (PGMEA), 2-ethoxy-
cthyl acetate, or 2-methoxyethyl acetate. Ketones can
include, for example, acetone or diethyl ketone. Alcohols
can include, for example, 1sopropyl alcohol, butanol, or
ethanol. In other embodiments, the at least one solvent
includes a mixture two or more of the foregoing solvents.

The catalyst can include, for example, tetramethylammo-
nium acetate (ITMAA), tetramethylammonium hydroxide
(TMAH), tetrabutylammonium acetate (TBAA), cetyltrim-
cthylammonium acetate (CTAA), tetramethylammonium
nitrate (ITMAN), triphenylamine, trioctylamine, trido-
decylamine, triethanolamine, tetramethylphosphonium
acetate, tetramethylphosphonium hydroxide, triphenylphos-
phine, trimethylphosphine, trioctylphosphine, aminopropy-
Itriethoxysilane, aminopropyltriethoxysilane ftriflate, and
any combinations thereolf. Such catalysts can be activated by
heat after the composition 1s applied to the semiconductor
device 10 to cause polymerization and cross-linking of the
composition to form the planarizing film 16.

In some embodiments, the composition can further
include a surfactant. It has been found that a surfactant can
turther reduce striations, which may be particularly useful
when the composition 1s spin-coated onto larger diameter
semiconductor device walers or display substrates. In some
embodiments, the surfactant can be a polyether-modified
polydimethylsiloxane surfactant, such a BYK®-306 or
BYK®-307 available from BYK-Chemie, Wesel, Germany.

In some embodiments, the concentration of the surfactant
in the composition can be as low as 0.01 wt. %, 0.1 wt. %,
0.4 wt. %, 0.6 wt. %, or 0.8 wt. %, or as high as 1 wt. %,
Swt. %, 10 wt. %, 15 wt. %, or 20 wt. % of the total weight
of the composition, or within any range defined by any two
of the preceding values, for example, 1n some embodiments,
the concentration of the surfactant 1in the composition can
range from 0.01 wt. % to 20 wt. %, 0.1 wt. % to 15 wt. %,
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0.4 wt. % to 10 wt. %, 0.6 wt. % to 5 wt. %, or 0.8 wt. %
to 1 wt. % of the total weight of the composition.

In some embodiments, the composition can Ifurther
include an organic acid which can volatilize or decompose
at high temperatures to help stabilize the composition. In
some embodiments, the organic acid can include trifluoro-
acetic acid, p-toluenesulionic acid, citric acid, formic acid,
or acetic acid, or any combinations thereof. In some embodi-
ments, the concentration of the organic acid can include as

little as 0.01 wt. %, 0.1 wt. %, 0.2 wt. %, or 0.4 wt. %, or
as much as 0.5 wt. %, 0.6 wt. %, 0.8 wt. %, or 1 wt. % of
the total weight of the composition, or within any range
defined by any two of the preceding values, for example, 1n
some embodiments, the concentration of the organic acid 1n
the composition can range from 0.01 wt. % to 1 wt. %, 0.1
wt. % to 0.8 wt. %, 0.3 wt. % to 0.6 wt. %, or 0.4 wt. % to
0.5 wt. % of the total weight of the composition.

In some embodiments, the composition can further
include a cross-linker. Cross-linkers form bonds in the
polysiloxane resin. Without wishing to be bound by any
theory, 1t 1s believed that the bonds provided by the cross-
linker provide additional structure and strength to the pla-
narizing film 16, providing additional crack resistance. In
some embodiments, the cross-linker can include bis-
(trimethoxysilylpropyl) amine, 1,3 bis(triethoxysilyl) ben-
zene, 1.4 bis(triethoxysilyl) benzene, 2,6-bis(triethoxysilyl)-
naphthalene, 9,10-bis(triethoxysilyl)-anthracene, 1,6-bis
(tnnmethoxysilyl)-pyrene, bis(triethoxysilyl) methane, 1,2-
bis(triethoxysily) cthane, or 1 -(triethoxysilyl)-2-
(diethoxymethylsilyl) ethane, or any combination thereof.

A method for making a planarizing composition 1n accor-
dance with embodiments of this disclosure can include
providing at least one polysiloxane resin as described above
and dissolving the polysiloxane resin in the one or more
solvents to form a resin solution. Dissolving the polysi-
loxane resin can be encouraged by mixing the polysiloxane
resin into the one or more solvents for one to four hours. A
catalyst as described above can be added to the resin
solution. In some embodiments, a surfactant as described
above can also be added to the resin solution. The resin
solution can be stirred for several more hours, for example,
three hours to form the Comp051t10n The composition may
then be filtered through a 0.1 micron filter.

In use, a planarizing composition in accordance with
embodiments of this disclosure can be applied to the semi-
conductor device 10 (FIG. 1) by, for example spin coating.
The coated semiconductor device 10 can then be bake at a
temperature ranging from about 160° C. to about 180° C. to
drive ofl substantially all of the at least one solvent and form
an uncured film. In some embodiments, once the at least one
solvent 1s substantially driven ofl, a second coating of the
planarizing composition can be applied on the uncured film
and the coated semiconductor device 10 baked again at a
temperature ranging from about 160° C. to about 180° C. to
drive ofl substantially all of the at least one solvent and form
a second layer of uncured film. The coating and backing
processes can be completed until a desired thickness of
uncured film 1s realized, after which the catalyst can be
activated by heat to cure the film by polymerizing and
cross-linking the polysiloxane resin to form the planarizing
film 16. Residues of the catalyst can remain after curing.

In some embodiments, the plananzing film 16 can be
cured at a temperature as low as 250° C., 260° C., 280° C.,
300° C., or 350° C., or as high as 400° C., 410° C., 420° C.,
430° C., 440° C., or 450° C., or at any temperature between
any two of the preceding temperatures. For example, 1n
some embodiments, the planarizing film 16 can be cured a
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temperature ranging from 250° C. to 450° C., 260° C. to
440° C., 280° C. to 430° C., 300° C. to 420° C., or 350° C.

to 410° C.

In some embodiments, the planarizing film 16 can further
include a surfactant residue, according to any of the embodi-
ments described above, mncluding a residue of a polyether-
modified polydimethylsiloxane surfactant, such a BYK®-
307.

While this invention has been described as relative to
exemplary designs, the present invention may be further
modified within the spirit and scope of this disclosure.
Further, this application 1s intended to cover such departures
from the present disclosure as come within known or
customary practice in the art to which this invention per-
tains.

EXAMPLES

Example 1

Comparative Example—GR150F
Poly(silsesquioxane) Resin

In a 200 ml flask, 10 g of BYK®-307 surfactant obtained
from BK-Chemie was added to 90 g of ethanol and stirred
for 1 hour at room temperature to prepare a 10 wt. %
surfactant solution. In 100 ml flask, 0.5 g of tetramethyl-
ammonium nitrate (TMAN) catalyst was added to 24.5 g of
deionized water and stirred for 1 hour at room temperature

to prepare a 2 wt. % TMAN catalyst solution. In another 200
ml flask, 45.0 g of GR150F resin obtained from Techneglas

of Perrysburg, Ohio was added to 55.0 g of PGMEA and
stirred for 1 hour at room temperature to form a GR130F
resin solution. GR150 1s a poly(silsesquioxane) resin includ-
ing equimolar amounts of poly(methylsilsesquioxane)
blocks and poly(phenylsilsesquioxane) blocks with about
0.3 mole % of poly(dimethylsiloxane) blocks. In another
200 ml flask, 1.25 g of the 10 wt. % surfactant solution and
0.8 g of the TMAN catalyst solution were added to 100 g of
the GR150F solution and stirred for 3 hours at room tem-
perature to form a planarizing composition. The planarizing
composition was filtered through a 0.1 micron filter.

The filtered plananzing composition was coated on a
four-inch silicon water by spin coating at 1,500 revolutions
per minute (RPM). The water with the cast film was baked
on a series of two hot plates 1n air ambient for 60 seconds
cach, a first hot plate having a surface temperature of 160°
C. and a second hot plate having a surface temperature of
180° C., to evaporate the solvents. The water with the baked
coating was cured in a nitrogen ambient at 350° C. for 1
hour. The cured coating was inspected for cracking by
optical microscopy and scanning electron microscopy.
Severe cracking of the cured coating was observed.

Example 2

Example—Poly(silsesquioxane) Resin
SST-3PM1

Comparative

In a 200 ml flask, 45.0 g of SST-3PM1 resin obtained from
Gelest Inc., Morrisville, Pa. was added to 55.0 g of PGME
and stlrred for 1 hour at room temperature to form an
SST-3PM1 resin solution. SST-3PM1 1s a polysilsesqui-
oxane resin including 90 mole % poly(phenylsilsesqui-
oxane) blocks and 10 mole % poly(methylsilsesquioxane)
blocks. In another 200 ml flask, 1.25 g of the 10 wt. %

surfactant solution prepared as described above and 0.8 g of
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the TMAN catalyst solution prepared as described above
were added to 100 g of the SST-3PM1 resin solution and

stirred for 3 hours at room temperature to form a planarizing
composition. The planarizing composition was filtered
through a 0.1 micron filter.

The filtered planarizing composition was coated on a
four-inch silicon wafer by spin coating at 1,500 RPM. The
waler with the cast film was baked on a series of two hot
plates 1 air ambient for 60 seconds each, a first hot plate
having a surface temperature of 160° C. and a second hot
plate having a surface temperature of 180° C., to evaporate
the solvents. A thickness of the baked coating was measured
and found to be 28,439 A. The wafer with the baked coating
was cured 1n a nitrogen ambient at 350° C. for 1 hour. The
cured coating was 1spected for cracking by optical micros-
copy and scanmng electron microscopy. No cracking of the
cured coating was observed.

Example 3
Dimethylsiloxane Copolymer Resin SST-3PM?2

In a 200 ml flask, 45.0 g of SST-3PM2 resin obtained from
Gelest Inc., Morrisville, Pa. was added to 55.0 g of PGMEA
and stirred for 1 hour at room temperature to form an
SST-3PM2 resin solution. SST-3PM2 1s a dimethylsiloxane
copolymer resin including 70 mole % poly(phenylsilsesqui-
oxane) blocks and 30 mole % poly(dimethylsiloxane) copo-
lymer blocks. In another 200 ml flask, 1.25 g of the 10 wt.
% surfactant solution prepared as described above and 0.8 g
of the TMAN catalyst solution prepared as described above
were added to 100 g of the SST-3PM2 resin solution and
stirred for 3 hours at room temperature to form a planarizing
composition. The planarizing composition was filtered
through a 0.1 micron filter.

The filtered planarizing composition was coated on a
four-inch silicon wafer by spin coating at 1,500 RPM. The
waler with the cast film was baked on a series of two hot
plates in air ambient for 60 seconds each, a first hot plate
having a surface temperature of 160° C. and a second hot
plate having a surface temperature of 180° C., to evaporate
the solvents. The water with the baked coating was cured in
a nitrogen ambient at 350° C. for 1 hour. The cured coating
was 1nspected for cracking by optical microscopy and scan-
ning electron microscopy. No cracking of the cured coating,
was observed.

Example 4
Dimethylsiloxane Copolymer Resin SST-3PM4

In a 200 ml flask, 45.0 g of SST-3PM4 resin obtained from
Gelest Inc., Morrisville, Pa. was added to 55.0 g of PGMEA
and stirred for 1 hour at room temperature to form an
SST-3PM4 resin solution. SST-3PM4 15 a dimethylsiloxane
copolymer resin including 45 mole % poly(methylsilsesqui-
oxane) blocks, 40 mole % poly(phenylsilsesquioxane)
blocks, 15 mole % poly(phenylmethylsiloxane) blocks, and
10 mole % poly(diphenylsiloxane) blocks. In another 200 ml
flask, 1.25 g of the 10 wt. % surfactant solution prepared as
described above and 0.8 g of the TMAN catalyst solution
prepared as described above were added to 100 g of the
SST-3PM4 resin solution and stirred for 3 hours at room
temperature to form a planarizing composition. The planar-
1zing composition was filtered through a 0.1 micron {ilter.

The filtered planarizing composition was coated on a
tour-inch silicon water by spin coating at 1,500 RPM. The
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waler with the cast film was baked on a series of two hot
plates 1 air ambient for 60 seconds each, a first hot plate
having a surface temperature of 160° C. and a second hot
plate having a surface temperature of 180° C., to evaporate
the solvents. A thickness of the baked coating was measured
and found to be 32,556 A. The wafer with the baked coating
was cured 1n a nitrogen ambient at 350° C. for 1 hour. The
cured coating was inspected for cracking by optical micros-

copy and scanning electron microscopy. No cracking of the
cured coating was observed.

Example 5

Poly(silsesquioxane) Resin GR150F and
Dimethylsiloxane Copolymer Resin SST-3PM?2

In a 200 ml flask, 45.0 g of GR130F resin was added to
55.0 g of PGMEA and stirred for 1 hour at room temperature
to form a GR150F resin solution. In another 200 ml flask,
45.0 g of SST-3PM2 resin was added to 55.0 g of PGMEA
and stirred for 1 hour at room temperature to form an
SST-3PM2 resin solution. In another 200 ml flask, 1.25 g of
the 10 wt. % surfactant solution prepared as described above
and 0.8 g of the TMAN catalyst solution prepared as
described above were added to 95 g of the GR130F resin
solution and 5 g of the SST-3PM2 resin solution and stirred
for 3 hours at room temperature to form a planarizing
composition. The planarizing composition was {iltered
through a 0.1 micron filter.

The filtered plananzing composition was coated on a
four-inch silicon water by spin coating at 1,500 RPM. The
waler with the cast film was baked on a series of two hot
plates 1 air ambient for 60 seconds each, a first hot plate
having a surface temperature of 160° C. and a second hot
plate having a surface temperature of 180° C., to evaporate
the solvents. A thickness of the baked coating was measured
and found to be 32,425 A. The wafer with the baked coating
was cured 1n a nitrogen ambient at 350° C. for 1 hour. The
cured coating was inspected for cracking by optical micros-
copy and scanning electron microscopy. Cracking of the
cured coating was observed. The cracking was to a lesser

degree than the cracking observed 1n Comparative Example
1.

Example 6

Poly(silsesquioxane) Resin GR150F and
Dimethylsiloxane Copolymer Resin SST-3PM?2

In a 200 ml flask, 45.0 g of GR130F resin was added to
55.0 g of PGMEA and stirred for 1 hour at room temperature
to form a GR150F resin solution. In another 200 ml flask,
45.0 g of SST-3PM2 resin was added to 55.0 g of PGMEA
and stirred for 1 hour at room temperature to form an
SST-3PM2 resin solution. In another 200 ml flask, 1.25 g of
the 10 wt. % surfactant solution prepared as described above
and 0.8 g of the TMAN catalyst solution prepared as
described above were added to 75 g of the GR130F resin
solution and 25 g of the SST-3PM2 resin solution and stirred
for 3 hours at room temperature to form a planarizing
composition. The planarizing composition was {iltered
through a 0.1 micron filter.

The filtered planarnizing composition was coated on a
four-inch silicon water by spin coating at 1,500 RPM. The
waler with the cast film was baked on a series of two hot
plates 1 air ambient for 60 seconds each, a first hot plate
having a surface temperature of 160° C. and a second hot
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plate having a surface temperature of 180° C., to evaporate
the solvents. A thickness of the baked coating was measured

and found to be 32,790 A. The wafer with the baked coating

was cured 1n a nitrogen ambient at 350° C. for 1 hour. The
cured coating was inspected for cracking by optical micros-
copy and scanning electron microscopy. Cracking of the
cured coating was observed. The cracking was to a lesser
degree than the cracking observed 1n Comparative Example

1.

Example 7

Poly(silsequioxane) Resin SST-3PM1 and
Dimethylsiloxane Copolymer Resin SST-3PM2

In a 200 ml flask, 30.0 g of SST-3PM1 resin was added
to 70.0 g of PGMEA and stirred for 1 hour at room
temperature to form an SST-3PMI1 resin solution. In another
200 ml flask, 30.0 g of SST-3PM2 resin was added to 70.0
g of PGMEA and stirred for 1 hour at room temperature to
form an SST-3PM2 resin solution. In another 200 ml flask,
1.25 ¢ of the 10 wt. % surfactant solution prepared as
described above and 0.8 g of the TMAN catalyst solution
prepared as described above were added to 100 g of the
SST-3PM1 resin solution and 1 g of the SST-3PM2 resin
solution and stirred for 3 hours at room temperature to form
a planarizing composition. The planarizing composition was
filtered through a 0.1 micron filter.

The filtered planarizing composition was coated on a
four-inch silicon water by spin coating at 1,500 RPM. The
waler with the cast film was baked on a series of two hot
plates 1n air ambient for 60 seconds each, a first hot plate
having a surface temperature of 160° C. and a second hot
plate having a surface temperature of 180° C., to evaporate
the solvents. A thickness of the baked coating was measured
and found to be 12,942 A. The wafer with the baked coating
was cured 1n a nitrogen ambient at 350° C. for 1 hour. The
cured coating was inspected for cracking by optical micros-
copy and scanning electron microscopy. No cracking of the
cured coating was observed.

Example 8

Poly(silsesquioxane) Resin SST-3PM1 and
Dimethylsiloxane Copolymer Resin SST-3PM4

In a 200 ml flask, 45.0 g of SST-3PM1 resin was added
to 535.0 g of PGMEA and stirred for 1 hour at room
temperature to form an SST-3PMI1 resin solution. In another
200 ml flask, 45.0 g of SST-3PM4 resin was added to 55.0
g of PGMEA and stirred for 1 hour at room temperature to
form an SST-3PM4 resin solution. In another 200 ml flask,
0.5 g of the 10 wt. % surfactant solution prepared as
described above and 0.32 g of the TMAN catalyst solution
prepared as described above were added to 10 g of the
SST-3PM1 resin solution and 30 g of the SST-3PM4 resin
solution and stirred for 3 hours at room temperature to form
a planarizing composition. The planarizing composition was
filtered through a 0.1 micron filter.

The filtered planarizing composition was coated on two,
four-inch silicon waters by spin coating at 1,500 RPM. The
walers with the cast film were baked on a series of two hot
plates 1n air ambient for 60 seconds each, a first hot plate
having a surface temperature of 160° C. and a second hot
plate having a surface temperature of 180° C., to evaporate
the solvents. A thickness of the baked coating was measured

for each wafer and found to be 31,873 A and 31,915 A. One
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of the walfers was cured 1n a nitrogen ambient at 410° C. for
30 minutes and the other cured 1n a nitrogen ambient at 450°
C. for 30 minutes. The cured coatings were spected for
cracking by optical microscopy and scanning electron

microscopy. No cracking of the cured coating on either
waler was observed.

Example 9

Poly(silsesquioxane) Resin SST-3PM1 and
Dimethylsiloxane Copolymer Resin SST-3PM4

In a 200 ml flask, 45.0 g of SST-3PM1 resin was added
to 55.0 g of PGMEA and stirred for 1 hour at room
temperature to form an SST-3PM1 resin solution. In another
200 ml flask, 45.0 g of SST-3PM4 resin was added to 535.0
g of PGMEA and stirred for 1 hour at room temperature to
form an SST-3PM4 resin solution. In another 200 ml flask,
0.5 g of the 10 wt. % surfactant solution prepared as
described above and 0.32 g of the TMAN catalyst solution
prepared as described above were added to 20 g of the
SST-3PM1 resin solution and 20 g of the SST-3PM4 resin
solution and stirred for 3 hours at room temperature to form
a planarizing composition. The planarizing composition was
filtered through a 0.1 micron filter.

The filtered planarizing composition was coated on two,
four-inch silicon waters by spin coating at 1,500 RPM. The
walers with the cast film were baked on a series of two hot
plates 1 air ambient for 60 seconds each, a first hot plate
having a surface temperature of 160° C. and a second hot
plate having a surface temperature of 180° C., to evaporate
the solvents. A thickness of the baked coating was measured
for each wafer and found to be 31,897 A and 31,896 A. One
of the waters was cured 1n a nitrogen ambient at 410° C. for
30 minutes and the other cured 1n a nitrogen ambient at 450°
C. for 30 minutes. The cured coatings were inspected for
cracking by optical microscopy and scanning electron
microscopy. No cracking of the cured coating on either
waler was observed.

Example 10

Poly(silsesquioxane) Resin SST-3PM1 and
Dimethylsiloxane Copolymer Resin SST-3PM4

In a 200 ml flask, 45.0 g of SST-3PM1 resin was added
to 55.0 g of PGMEA and stirred for 1 hour at room

temperature to form an SST-3PM1 resin solution. In another
200 ml flask, 45.0 g of SST-3PM4 resin was added to 55.0

g of PGMEA and stirred for 1 hour at room temperature to
form an SST-3PM4 resin solution. In another 200 ml flask,
0.5 g of the 10 wt. % surfactant solution prepared as
described above and 0.32 g of the TMAN catalyst solution
prepared as described above were added to 30 g of the
SST-3PM1 resin solution and 10 g of the SST-3PM4 resin
solution and stirred for 3 hours at room temperature to form
a planarizing composition. The planarizing composition was
filtered through a 0.1 micron filter.

The filtered planarizing composition was coated on two,
four-inch silicon waters by spin coating at 1,500 RPM. The
walers with the cast film were baked on a series of two hot
plates 1 air ambient for 60 seconds each, a first hot plate
having a surface temperature of 160° C. and a second hot
plate having a surface temperature of 180° C., to evaporate
the solvents. A thickness of the baked coating was measured
for each wafer and found to be 31,684 A and 31,722 A. One

of the waters was cured 1n a nitrogen ambient at 410° C. for
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30 minutes and the other cured 1n a nitrogen ambient at 450°
C. for 30 minutes. The cured coatings were inspected for
cracking by optical microscopy and scanning electron
microscopy. No cracking of the cured coating on either
waler was observed.

Example 11

Dimethylsiloxane Copolymer Resins SST-3PM?2
and SST-3PM4

In a 200 ml flask, 30.0 g of SST-3PM4 resin was added
to 70.0 g of PGMEA and stirred for 1 hour at room
temperature to form an SST-3PM4 resin solution. In another
200 ml flask, 30.0 g of SST-3PM2 resin was added to 70.0

g of PGMEA and stirred for 1 hour at room temperature to
form an SST-3PM2 resin solution. In another 200 ml flask,
1.25 g of the 10 wt. % surfactant solution prepared as
described above and 0.8 g of the TMAN catalyst solution
prepared as described above were added to 100 g of the
SST-3PM4 resin solution and 1 g of the SST-3PM2 resin
solution and stirred for 3 hours at room temperature to form
a planarizing composition. The planarizing composition was
filtered through a 0.1 micron filter.

The filtered planarizing composition was coated on a
four-inch silicon water by spin coating at 1,500 RPM. The
waler with the cast film was baked on a series of two hot
plates 1 air ambient for 60 seconds each, a first hot plate
having a surface temperature of 160° C. and a second hot
plate having a surface temperature of 180° C., to evaporate
the solvents. A thickness of the baked coating was measured
and found to be 14,231 A. The wafer with the baked coating
was cured 1n a nitrogen ambient at 350° C. for 1 hour. The
cured coating was 1spected for cracking by optical micros-
copy and scanmng electron microscopy. No cracking of the
cured coating was observed.

Example 12

Dimethylsiloxane Copolymer Resins SST-3PM2
and SST-3PM4

In a 200 ml flask, 45.0 g of SST-3PM4 resin was added
to 55.0 g of PGMEA and stirred for 1 hour at room
temperature to form an SST-3PM4 resin solution. In another
200 ml flask, 45.0 g of SST-3PM2 resin was added to 33.0
g of PGMEA and stirred for 1 hour at room temperature to
form an SST-3PM2 resin solution. In another 200 ml flask,
1.25 g of the 10 wt. % surfactant solution prepared as
described above and 0.8 g of the TMAN catalyst solution
prepared as described above were added to 100 g of the
SST-3PM4 resin solution and 1 g of the SST-3PM2 resin
solution and stirred for 3 hours at room temperature to form
a planarizing composition. The planarizing composition was
filtered through a 0.1 micron filter.

The filtered planarizing composition was coated onto five,
four-inch silicon waters by spin coating, two at 1,000 RPM,
two at 1,500 RPM, and one at 2,400 RPM. The waters with
the cast films were baked on a series of two hot plates 1n air
ambient for 60 seconds each, a first hot plate having a
surface temperature ol 160° C. and a second hot plate having
a surface temperature of 180° C., to evaporate the solvents.
One of the two wafers coated at 1,000 RPM, one of the two
wafers coated at 1,500 RPM, and the water coated at 2,400
RPM each received a second coating, each spun at same
speed as for their first coating and baked again on the hot
plates as described above. A thickness of the baked coating
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was measured for several of the waters and found to be

43,458 A for the single coating at 1,000 RPM, 93,494 A for
the double coating at 1,000 RPM, 32,440 A for the single
coating at 1,500 RPM, and 54,973 A for the double coating
at 2,400 RPM. The five waters with the baked coatings were
cured 1n a nitrogen ambient at 410° C. for 30 minutes. The
cured coatings were inspected for cracking by optical
microscopy and scanning electron microscopy. No cracking
of the cured coatings was observed on the waters with
coating thicknesses up to 54,973 A. Cracking was observed
only on the wafer having a coating thickness of 93,494 A.

Example 13

Dimethylsiloxane Copolymer Resins SST-3PM?2
and SST-3PM4

In 100 ml flask, 0.5 g of tetrabutylammonium nitrate
(TBAA) catalyst was added to 24.5 g of deionized water and
stirred for 1 hour at room temperature to prepare a 2 wt. %
TBAA catalyst solution. In a 200 ml flask, 45.0 g of
SST-3PM4 resin was added to 55.0 g of PGMEA and stirred
for 1 hour at room temperature to form an SST-3PM4 resin
solution. In another 200 ml flask, 45.0 g of SST-3PM2 resin
was added to 55.0 g of PGMEA and stirred for 1 hour at
room temperature to form an SST-3PM2 resin solution. In
another 200 ml flask, 0.675 g of the 10 wt. % surfactant
solution prepared as described above, 0.4 g of the TBAA
catalyst solution, and 0.025 g of trifluoroacetic acid were
added to 50 g of the SST-3PM4 resin solution and 0.5 g of
the SST-3PM2 resin solution and stirred for 3 hours at room
temperature to form a planarizing composition. The planar-
1zing composition was filtered through a 0.1 micron filter.

The filtered planarizing composition was coated onto
three, four-inch silicon watfers by spin coating, one at 600
RPM, one at 1,000 RPM, and one at 1,500 RPM. The waters
with the cast films were baked on a series of two hot plates
in air ambient for 60 seconds each, a first hot plate having
a surface temperature of 160° C. and a second hot plate
having a surface temperature of 180° C., to evaporate the
solvents. A thickness of the baked coating was measured for
the wafers and found to be 37,020 A for the single coating
at 1,500 RPM and 50,012 A for the single coating at 1,000
RPM. The thickness for the single coating at 600 RPM could
not be measured because the spin speed 1s too low to
produce a uniform coating. The three waters with the baked
coatings were cured 1n a nitrogen ambient at 410° C. for 30
minutes. The cured coatings were mspected for cracking by
optical microscopy and scanning electron microscopy. No
cracking of the cured coatings was observed on the wafers

coated at 1,500 RPM. Cracking was observed on the wafer
coated at 1,000 RPM.

Example 14

Dimethylsiloxane Copolymer Resins SST-3PM2
and SST-3PM4

In a 200 ml flask, 45.0 g of SST-3PM4 resin was added
to 55.0 g of PGMEA and stirred for 1 hour at room
temperature to form an SST-3PM4 resin solution. In another
200 ml flask, 45.0 g of SST-3PM2 resin was added to 53.0
g of PGMEA and stirred for 1 hour at room temperature to

form an SST-3PM2 resin solution. In another 200 ml flask,
1.25 g of the 10 wt. % surfactant solution prepared as
described above, 0.8 g of the TMAN catalyst solution
prepared as described above, and 0.45 g of a cross-linker
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were added to 100 g of the SST-3PM4 resin solution and 1
g of the SST-3PM2 resin solution and stirred for 3 hours at
room temperature to form a planarizing composition. The
cross-linker was Silquest® A-1170 (bis-(trimethoxysilylpro-
pyl) amine) obtained from Momentive Performance Mate-
rials, Waterford, N.Y. The planarizing composition was
filtered through a 0.1 micron filter.

The filtered plananzing composition was coated onto
twelve, four-inch silicon waters by spin coating, three at
1,000 RPM, three at 1,300 RPM, three at 1,800 RPM, and
three at 2,400 RPM. The waters with the cast films were
baked on a series of two hot plates 1n air ambient for 60
seconds each, a first hot plate having a surface temperature
of 160° C. and a second hot plate having a surface tempera-
ture of 180° C., to evaporate the solvents. Each of the waters
received a second coating, each spun at same speed as for
their first coating and baked again on the hot plates as
described above. A thickness of the baked coating was
measured for each of the walers. The twelve walers were
cured 1n a nitrogen ambient for 30 minutes. Four of the
twelve walers, one of each of the walers coated at the four
spin speeds, were cured at 360° C. Another four of the

twelve wafers, one of each of the watfers coated at the four
spin speeds, were cured at 380° C. The remaining four of the
twelve walers, one of each of the waters coated at the four
spin speeds, were cured at 410° C. The cured coatings were
ispected for cracking by optical microscopy and scanning
clectron microscopy. The thicknesses and cracking inspec-
tion results are shown 1n Table 1 below. As shown in Table
1, no cracking of the cured coatings was observed on wafers
with coating thicknesses exceeding 10 microns (100,000 A)
at temperatures as high as 380° C. No cracking of the cured
coatings was observed on walers with coating thicknesses
exceeding 7 microns (77,679 A) at temperatures as high as

410° C.

TABLE 1
Spin Speed Film Thickness Cure Temp Visual Inspection

(RPM) Post Bake (A) (° C.) Results

2,600 52,067 360 No cracking
1,800 63,590 360 No cracking
1,300 77,679 360 No cracking
1,000 >100,000 360 No cracking
2,600 53,625 380 No cracking
1,800 63,178 380 No cracking
1,300 77,234 380 No cracking
1,000 >100,000 3% No cracking
2,600 51,563 410 No cracking
1,800 62,537 410 No cracking
1,300 74,423 410 No cracking
1,000 >100,000 410 Cracking

Example 15

Dimethylsiloxane Copolymer Resins SST-3PM2
and SST-3PM4

In a 200 ml flask, 45.0 g of SST-3PM4 resin was added
to 535.0 g of PGMEA and stirred for 1 hour at room
temperature to form an SST-3PM4 resin solution. In another
200 ml flask, 45.0 g of SST-3PM2 resin was added to 33.0
g of PGMEA and stirred for 1 hour at room temperature to

form an SST-3PM2 resin solution. In another 200 ml flask,
1.25 g of the 10 wt. % surfactant solution prepared as
described above, 0.8 g of the TMAN catalyst solution
prepared as described above, and 0.45 g of (bis-(trimethox-
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ysilylpropyl) amine cross-linker described above were
added to 100 g of the SST-3PM4 resin solution and 1 g of
the SST-3PM2 resin solution and stirred for 3 hours at room
temperature to form a planarizing composition. The planar-
1zing composition was filtered through a 0.1 micron filter.

The filtered planarizing composition was coated on a
four-inch silicon water by spin coating at 1,500 RPM. The
waler with the cast film was baked on a series of two hot
plates 1 air ambient for 60 seconds each, a first hot plate
having a surface temperature of 160° C. and a second hot
plate having a surface temperature of 180° C., to evaporate
the solvents. The water with the baked coating was cured in
a nitrogen ambient at 410° C. for 30 minutes.

The cured coating was collected from the wafer and
subjected to TGA analysis on a Discovery TGA System. The
sample was heated 1n N, {from room temperature (25° C.) to
about 360° C. and held for 24 hours. The results are
presented i FIG. 3. FIG. 3 illustrates a temperature profile
20 of the TGA (1in reference to the rnight-hand axis) and a
weight 22 of the coating as a percentage of the initial coating
weight (1n reference to the left-hand axis). As shown in FIG.
3, the coating 1s thermally stable, losing less than 1% weight
alter heating at 360° C. for 24 hours.

In a 100 ml flask, 20.0 g of the planarizing composition
was added to 25.0 g of PGMEA, and stirred for 1 hour at
room temperature to form a diluted planarizing composition.
The diluted planarizing composition was filtered through a
0.1 micron filter.

The filtered diluted planarizing composition was coated
on an 8-inch silicon wafer and on a 2-inch by 2-inch
transparent glass substrate by spin coating at 1,500 RPM.
The silicon water and glass substrate with the cast films were
baked on a series of two hot plates in air ambient for 60
seconds each, a first hot plate having a surface temperature
of 160° C. and a second hot plate having a surface tempera-
ture of 180° C., to evaporate the solvents. The walers with
the baked coatings were cured 1n an air ambient at 250° C.
for 60 minutes.

Transmittance of the glass and coated glass was measured
on a Hitachi U-3900 UV-Vis spectrophotometer. An optical
transmittance of 92.1% was measured for the glass substrate
with no coating, and an optical transmittance of 91.6% was
measured for the cured coating on the glass substrate,
showing high transparency for the cured coating.

The 8-inch silicon water with the cured coating was
measured for nanohardness and reduced elastic modulus

analysis by a nanoindentation test on a Hysitron® Nanome-
chanical Test System. A high nanohardness of 145.1 Mpa
and a reduced elastic modulus of 3.49 GPa were measured

for the cured coating on the silicon wafer.
What 1s claimed 1s:
1. A composition for planarizing a surface ol a semicon-
ductor device, the composition comprising;
a catalyst;
at least one solvent, the at least one solvent including at
least one of: ethyl lactate, propylene glycol propyl
cther, propylene glycol monomethyl ether acetate, etha-
nol, 1sopropyl alcohol, and n-butyl acetate; and
at least one polysiloxane resin including polysilsesqui-
oxane blocks and polysiloxane blocks, the polysiloxane
blocks according to the general formula:

R
|
Si—O—+—.

R,
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wherein R, R, are each independently selected from the
group consisting of: an aryl group or an alkyl group,
with substituted or unsubstituted carbons, wherein a
concentration of the polysiloxane blocks 1s from 0.1
mole percent to 35 mole percent of the polysiloxane
resin.

2. The composition of claim 1, wherein the polysiloxane
blocks include at least one of: poly(diphenylsiloxane)
blocks, poly(phenylmethylsiloxane) blocks, and poly(dim-
cthylsiloxane) blocks.

3. The composition of claim 2, wherein the polysiloxane
blocks consist of poly (diphenylsiloxane) blocks and poly
(phenylmethylsiloxane) blocks.

4. The composition of claim 2, wherein the polysiloxane
blocks consist of poly(dimethylsiloxane) blocks.

5. The composition of claim 1, wherein the polysilses-
quioxane blocks include at least one of: poly(methylsilses-
quioxane) blocks and poly(phenylsilsesquioxane) blocks.

6. The composition of claim 1, wherein a weight average
molecular weight of the polysiloxane blocks in the compo-
sition 1s from 100 Da to 5,000 Da.

7. The composition of claim 1, wherein the catalyst
includes at least one of:

tetramethylammonium acetate, tetramethylammonium

hydroxide, tetrabutylammonium acetate, cetyltrimeth-
ylammonium acetate, and tetramethylammonium
nitrate.

8. The composition of claim 1, further imncluding a sur-
factant.

9. The composition of claim 1, further including a cross-
linker.

10. The composition of claim 1, wherein the at least one
polysiloxane resin includes a first polysiloxane resin and a
second polysiloxane resin.
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11. The composition of claim 1, wherein the at least one
polysiloxane resin 1s a first polysiloxane resin, and further
including a second polysiloxane resin, the second polysi-
loxane resin consisting of a poly(silsesquioxane) resin.

12. A method for making a planarizing composition, the
method comprising:

dissolving at least one polysiloxane resin in one or more

solvents to form a resin solution, the at least one
polysiloxane resin including polysilsesquioxane blocks
and polysiloxane blocks, the polysiloxane blocks
according to the general formula:

wherein R, R, are each independently selected from the
group consisting of: an aryl group or an alkyl group,
with substituted or unsubstituted carbons, wherein a
concentration of the polysiloxane blocks 1s from 0.1
mole percent to 35 mole percent of the polysiloxane
resin; and

adding a catalyst to the resin solution, wherein the one or

more solvents includes at least one of: ethyl lactate,
propylene glycol propyl ether, propylene glycol
monomethyl ether acetate, ethanol, 1sopropyl alcohol,
and n-butyl acetate.

13. The method of claim 12, wherein the polysiloxane
blocks include at least one of: poly(diphenylsiloxane)
blocks, poly(phenylmethylsiloxane) blocks, and poly(dim-
cthylsiloxane) blocks.

G o e = x
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